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ABSTRACT 
Promoting Sense of Belonging and Interest in Geosciences among Undergraduate Women 
through Mentoring 
 
Wenyi Du 
 The purpose of this study is to investigate whether students’ university sense of 
belonging mediates the relationship between mentor network diversity and students’ interest 
development among undergraduate women in STEM majors. The sample for this study was 
consisted of 277 undergraduate women majoring in a STEM discipline with initial interests in 
geosciences across nine universities within the United States. A regression-based mediation 
analysis was performed using the Hayes’ (2013) macro to test the indirect effect of mentor 
support on interest through university sense of belonging. Consistent with our hypothesis, the 
analysis revealed a statistically significant and positive indirect effect of the mentor network 
diversity on interest in geoscience through university sense of belonging, a×b = .04, 95% CI = 
[.01,.08].  More specifically, the mentors network diversity positively predicts university sense 
of belonging (B = 0.19, p <.05), and in turn university sense of belonging positively predicts 
students’ interest in geoscience (B = 0.20, p < .05). These results imply that undergraduate 
women’s interests can be aroused and maintained through their increased sense of belonging, 
which can be satisfied by diversifying their mentor network resources.
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Promoting Sense of Belonging and Interest in Geosciences among Undergraduate Women 
through Mentoring 
Introduction 
Environmental issues such as increase sea-level, polluted air, and polluted marine 
environment, have attracted national and international attention. These urgent issues require 
having qualified people in geoscience fields to minimize or solve environmental problems. As 
classified by the National Science Foundation (2008), geosciences included a large variety of 
disciplines, such as Geography, Marine Sciences, Solid and Water Sciences and 19 other majors 
(See Appendix A).  
Women have been historically underrepresented in science, technology, engineering, and 
mathematic (STEM) disciplines (NSF, 2017). Women are entering higher education institutions 
at higher rates due to numerous recruitment efforts (NSF, 2017). In disciplines, such as 
Behavioral Sciences and Biology, the percentage of undergraduate women is equivalent or 
greater than that of men. However, woman do not enter, and women leave at higher rates in some 
STEM fields, such as the geosciences (NSF, 2017; Bernard & Cooperdock, 2018). The 
percentage of undergraduate women in the Earth and Environmental sciences has increased over 
time, peaking in 2004 at 49% (American Geoscience Institution, 2016; Chen, 2013). But by 
2017, the percentage of woman in geosciences majors dropped to 38.6% (NSF, 2017; Bernard & 
Cooperdock, 2018).  
Woman potentially interested in geoscience-related careers can face numerous barriers, 
such as negative gender stereotypes or perceived incongruity of social values that can threaten 
their interest to enter or stay in geoscience majors (Chen, 2013). Mentoring has been identified 
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as an important element of comprehensive interventions to reduce the barriers for females’ 
persistence in STEM fields (Syed, Azmitia, & Cooper, 2011; Estrada, Woodcock, Hernandez, & 
Schultz, 2011). In addition, research indicated a positive relationship between interest and self-
efficacy, values, and academic performance (Knogler, Harackiewicz, Gegenfurtner, & Lewalter, 
2015). 
However, less is known about the degree to which mentoring impacts college students’ 
interest development. The purpose of this study is to examine the direct and indirect effects of 
mentoring on the development of interests in the geosciences among college women in majoring 
in STEM. One of the most well-known interest development models was proposed by Hidi and 
Renninger (2006). It classified interest as four different levels: triggered situational interest, 
maintained situational interest, emerging individual interest, and well-developed individual 
interest (see Figure 1). According to Bergin’s (2016) interest development model, a key factor 
influencing interest development is individual’s social experiences, particularly individual’s 
social supports. Social support can come from parents, friends, schools, and culture. Bergin’s 
theory emphasizes how social supports can lead to exposure, attention to a topic, which triggers a 
person’s situational interest (see Figure 1). As stated by self-determination theory, relatedness/ 
belongingness, competence, and autonomy are the three basic needs that motivate humans (Deci 
& Ryan, 2000). When the needs are met, interests are then supported. In this study, we focus on 
the needs to belong (see Figure 1).  
Barriers to women’s interest development in STEM 
Interest is a product of the interaction between a person’s internal motivation and a 
certain external context (Hidi & Renninger, 2006; Bergin, 1999; Renninger & Barach, 2015). 
The levels of interest are developed from one stage to the next sequentially with continued 
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exposure, consistent attention, emotional supports, and increasing stored knowledge (Hidi & 
Renninger, 2006; Rotgans & Schmidt, 2017; Bergin, 2016). The sequence of interest 
development is not necessarily shown as linear growth. But in most cases, it is an iterative 
convergence of multiple variables such as experiences, exposures, affordances, and 
performances (Bergin, 2016). Individual interest was defined as “a psychological state of 
engaging or the predisposition to reengage with classes of objects, events, or ideas over time.” 
(Hidi & Renniger, 2006). The desire to engage and reengage with a certain topic has been 
identified as one of several internal motivation factors driving students to enter and to stay in 
their majors (Cheryan, Ziegler, Montoya, & Jiang, 2017; Good, Rattan, & Dweck, 2012; Hidi & 
Renninger, 2006; Thoman, Arizaga, Smith, Story, & Soncuya, 2015). However, when interest is 
threated, students can opt out of their desired career path.  
For example, although approximately one third of the first-year students express initial 
interest in STEM majors, but their initial interests in STEM frequently do not last to their 
graduation. According to NCES report, about 56% of college students declared a STEM major, 
and abandoned the chosen STEM major in the next six years (Chen, 2013). Research found that 
the college dropouts occur most often in students’ early-year of college (Bergin, 2016; 
Browning, McDermott, Scaffa, Booth, & Carr, 2018). It is important to maintain students’ 
interest throughout their college years, particularly during their early-years of college. Many 
factors that contribute to the high rates of leaving STEM in early college study have been 
identified in previous research, including negative gender stereotypes (e.g. people are successful 
in STEM fields are mostly males) (Fuesting, Diekman, & Hudiburgh, 2017; Czopp, Kay, & 
Cheryan, 2015; Freeman, Anderman & Jensen, 2007), field-specific ability beliefs (e.g. male are 
more innate talented on math and science) (Bian, Leslie, Mruphy & Cimpian, 2017; Elmore & 
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Luna-Lucero, 2017; Ito & McPherson, 2018), or a lack of same-gender career role model 
(Hernandez et. al., 2018; Packard, 2003; Cheryan, Drury, & Vichayapai, 2012). For example, 
research indicates that women who reported experiencing gender stereotype or brilliance 
stereotypes expressed less sense of belonging, and less interest in STEM fields (Bian et al, 2017).  
A growing body of research is focused on interventions to support women’s interest in 
STEM fields. Empirical studies have designed interventions to increase students’ interest in 
STEM majors by reducing stereotypes. For example, research indicates that changing the 
classroom environment to be less masculine can minimize gendered stereotypes of STEM 
majors. Perceiving a greater sense of belonging to the field can significantly increase female 
students’ interest, persistence, and intention to pursue a career in the STEM fields (Cheryan et.al, 
2010; Ito & McPherson, 2018; Lewis et. al, 2017). In addition, previous research had shown that 
fading the message of “fixed brilliance” or “men are more intelligent than women” helps to 
promote female’s interest in the male-dominated fields (Bian, Leslie, Murphy, & Gimpian, 2017; 
Thomam, Arizaga, Smith, Story & Snocuya, 2014). Furthermore, role modeling has also been 
shown to be beneficial to women’s interest in STEM fields (Hernandez, et. al., 2018; Cheryan et 
al., 2010; Cheryan, Drury, & Vichayapai, 2012).  
Belongingness promotes interest development  
Sense of belonging is an important psychosocial factor influencing behavior and well-
being (Twenge, Baumeister, Tice, & Stucke, 2001, Good, Rattan & Dweck, 2012; Baumeister & 
Leary, 1995;). The need to belong has been conceptualized as a basic need of human beings 
(Baumeister & Leary, 1995; Cheryan, Sianna A. Ziegler, Amanda K. Montoya, & Lily Jiang, 
2017; Walton & Cohen, 2007). Sense of belonging is built up on the interactive relationships 
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with others. In other words, sense of belonging is defined as being accepted, valued, and 
legitimated within a particular group (Walton & Cohen, 2011; Keonya & Booker, 2016).  
In an academic setting, the sense of belonging has been classified and studied at different 
levels of abstraction: class belonging (Goodenow, 1993; Midgley, Middleton, Gheen, & Kumar, 
2002; Lewis et al., 2017), professor’s pedagogical caring (Clinchy, 2002; Lewis et al., 2017), 
university belonging (Goodenow, 1993; Shook & Clay, 2012; Museus, Yi, & Saelua, 2016), and 
social acceptance (Walton & Cohen, 2011; Zumbrunn; Shook & Clay, 2012). According to 
Freeman and colleagues (2007), social acceptance, professor’s pedagogical caring, and class 
belonging significantly and positively predict students’ university sense of belonging. Thus, we 
will focus on students’ university belonging (see Figure 1).  
Sense of belonging has been positively correlated with many educational outcomes. 
Existing research indicates that students’ sense of belonging is positively correlated to students’ 
academic performance (e.g. GPA) (Shook & Clay, 2012; Goodenow, 1993; Hoffman, Richmond, 
Morrow, & Salomone, 2003), willingness to engage and reengage with the topic (Cheryan, et al., 
2009; Museus, Yi, & Saelua, 2017), and to interest and intention to persist in a field of study 
(Hausmann, Schofield & Woods, 2007; Layous, et al., 2017).  
However, an experiment conducted by Murphy and colleagues (2007) reported that 
students from minority groups experience belonging uncertainty and become more sensitive to 
belongingness than their majority peers. Women, as the minority group in the STEM fields, 
experience belonging uncertainty and sensitively monitor the quality of the social connections to 
STEM fields (Walton, 2007; Baumeister & Leary, 1995; Thoman et al., 2014). When women 
feel less valued, less welcomed or feel pushed away by the chilly climate in STEM, they are 
more likely to switch to another field or even drop out from their current fields (Hausmann, 
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Schofield & Woods, 2007; Layous, Davis, Garcia, Purdie-Vaughns, Cook & Cohen, 2017; 
Thoman et al., 2014). 
Mentoring promotes belonging and interest 
Previous research defined the supportive relationships as mentoring. To avoid the 
inconsistency to the previous literature, we adopted the definition of mentoring as a progressive 
relationship between a person with more experience (i.e. a faculty member, a graduate student) 
and a person with less experience (i.e., an undergraduate student). The aim of the relationship is 
to support the mentee’s professional development in the field (Crisp & Cruz, 2009; Jacobi, 1991; 
Hernandez, et al., 2017). 
How does mentoring affect sense of belonging and interest development? One 
mechanism identified by Bergin (1999) concerns vivacious interest. Vivacious interest refers 
interest adaptation from social interactions with others to gain and to maintain social support 
(See Figure 1). According to social cognitive theories of adolescent development, at any level of 
schooling, students would be benefit from a supportive interaction with nonparental adults 
(Freeman et al., 2007; London, Rosenthal, Levy, & Lobel, 2011; Murpy et al., 2007; Museus et 
al., 2016).  
Existing research indicates mentoring has positive impacts on students’ perceived 
compatibility (Rosenthal, Levy & London, 2013), sense of belonging (Museus et al., 2016), 
interest (Shin, Levy & London, 2016; Good, Rattan & Dweck, 2012), and intention to persist 
(Rotgans & Schmidt, 2017; Cheryan et al., 2011; Cheryan et al., 2006), particularly when the 
mentees regard the mentors as their role models (Hernandez, et al., 2017). Research indicated 
that early-undergraduate students may have limited experience working with a faculty mentor. 
Instead, most of them had post-graduate level mentors, such as a master or a doctoral student 
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mentor (Shin, Levy & London, 2016; Aikens, Robertson, Sadselia, Watkins, Evans, Runyon, 
Eby, & Dolan, 2017; Twenge, Baumeister, Tice, & Stucke, 2001).  
Mentoring scholars have proposed that “individuals may not rely upon only one but 
multiple mentoring resources to support their professional career development” (Baugh & 
Scandura, 1999; Thomas & Higgins). Mentor network diversity indicates how many types of 
mentors a mentee has access to. The mentee benefits from greater mentor network diversity 
through less redundant information (Higgins & Kram, 2001). Hence, in this study, the mentor 
network diversity was defined as the total number of different mentor sources, such as, one’s 
academic advisor, master and doctor student mentors, tie to the mentee’s network within the 
university. 
In addition to the types of mentor, research indicates that the gender of the mentor may 
influence the quality of mentorship. Mentoring theories illuminate that female undergraduate 
students may benefit from having same-gender mentors more compared to having different-
gender mentors in the STEM fields (Lockwood, 2006; Blake-Beard, Bayne, Crosby & Muller, 
2011). Empirical studies indicated that having a same-gendered mentor may increase women’s 
perceived compatibility, perceived similarity, sense of belonging, and coauthoring experience in 
STEM fields (Cheryan et al., 2006; Rosenthal, Levy & London, 2013; Hernandez, et al., 2017).  
Overview of the Study 
The current study focuses on the effects of different aspects of mentoring on university 
sense of belonging and interest development. Undergraduate students may have more than one 
type of mentor and may benefit from the mentor network diversity. Based on the mentoring 
theory and empirical studies, faculty mentors may promote at least three outcomes: coauthoring 
experiences, perceived identity similarity, and sense of belonging. Peer and other source of 
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mentoring may provide support to students’ sense of belonging towards the institution or towards 
the fields (Hoffman et al., 2003; Johnson, 2013; Museus et al., 2016; Kivlighan et al., 2018).  
The purpose of this study is to examine the direct and indirect effects of mentoring 
relationships on the interest development in geosciences among college women in STEM. This 
study will fill the gap of how the university sense of belonging is impacted by mentor network 
diversity and having a gender-matched faculty mentor, and how belonging may in turn affect 
women’s interest in geosciences. Data for this study were drawn from a larger study of female 
STEM students’ academic journeys, entitled the “Analysis of Women’s Advancement, 
Retention, and Education in Science (AWARES)”. The AWARES study longitudinally follows a 
sample of college women recruited from nine universities in two regions of the United States: 
Colorado, Wyoming (the Front Range), and North and South Carolina (the Carolinas) since Fall 
2015. First or second-year of undergraduate women in STEM majors (or those intending to 
pursue STEM major) were recruited to participate in the AWARES study. Approximately half of 
the AWARES study participants participated in a professional development and mentoring 
program (i.e., PROGRESS program). Online surveys were distributed every semester since Fall 
2015 to collect data.  
 Previous research has shown positive effects of mentoring support on undergraduate 
students’ general social sense of belonging (i.e. peer belonging) (Goodnow, 1993; Freeman, 
Anderman, & Jensen, 2007; Thoman, Arizaga, Smith, Story, & Soncuya, 2015; Ribera, Miller, & 
Dumford, 2017). However, less is known about the effect of a student’s mentor network 
diversity on their sense of belonging to their university. Furthermore, Hernandez and his 
colleagues (2016) found that undergraduate students with same-gender faculty had reported more 
co-authoring experiences than with same gender mentors. However, there is limited research 
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showing that female undergraduate students’ sense of belonging would be affected by the gender 
of their faculty mentors. In addition, previous research has shown the science identity 
(Herenandez et al., 2017), perceived similarity (Cheryan & Plaut, 2010), and utility value 
(Hulleman & Harackiewicz, 2009; Harackiewicz, Canning, Tibbetts, Priniski, & Hyde, 2016) 
can mediate the relationship between mentoring and students’ interest. Moreover, there is less 
research on the role of university sense of belonging as a mediator in the relationship between 
mentor network diversity and interest. To fill these gaps, this study aimed to answer the 
following research and hypotheses. 
Research Questions and Hypotheses 
Does sense of belonging mediate the relationship between mentor network diversity or 
having a gender-match faculty mentor and interest in geosciences? Three hypotheses were 
proposed as the following:  
1. Mentor network diversity and having a gender-matched faculty mentor would positively 
predict women’s university sense of belonging; 
2. University sense of belonging would positively predict women’s interest in geosciences; 
3. Mentor network diversity and having a gender-matched faculty mentor would positively 
predict women’s interest in geosciences. 
Methods 
Participants 
The overall sample of the AWARES study consisted of 484 female undergraduate 
students. In Fall 2018, 386 participants took the survey, while 98 did not take the survey. A 
Pearson’s chi-square test was conducted based on the recruiting survey to test the differences 
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between the participants who took the survey in Fall 2018 and these who did not. The result 
revealed there was no significant differences between the two groups based on year in school (χ2 
= .87 , df = 3, p = .83), recruitment cohort (χ2 = .87 , df = 3, p = .83 ), race (χ2 = 1.72 , df = 1, p 
= .19), or their interest participating in a longitudinal research study (F(1, 482) =.09, p =.77). 
However, the PROGRESS member students showed higher completion rate than these who were 
not in the mentoring program (χ2 = 13.12, df = 1, p <.01). 
Among 386 participants took the survey (see Table 1), 86 participants were removed 
because they were no longer undergraduate students, and 23 participants were removed during 
the regression analysis using list-wise deletion due to missing at least one of the variables. A 
total of 277 participants were included in the data analysis. 
Procedure 
The participants were initially recruited via email (i.e., email addresses obtained from 
university registrar office), in-person recruiting announcement in the introductory STEM courses 
(e.g., Physics 101), and recruitment flyer posted across the campuses. Students interested in 
participating in the study completed a screening survey and received gifts for their efforts ($5 
Starbucks card). Only students who met the following criteria were invited to participate in the 
study: first- or second- year of college, identify as female, intention to have a STEM major, and 
interested in geosciences. Participants were recruited from nine universities in the 
Colorado/Wyoming Front Range and the Carolinas. The participants were recruited as two 
cohorts: Fall 2015 and Fall 2016. About 50% of the participants attended to the mentoring 
weekend workshops (e.g. PROGRESS). Participants were invited to complete longitudinal 
follow-up surveys thereafter (Fall & Spring) till Spring 2019. Data collection has been performed 
using Qualtrics, an online survey system. Participants received either $10 e-Gift card or $10 
 11 
 
direct deposit to their PayPal account for their participation. All procedures were approved by 
the local IRB. The data used in this study was collected in Spring and Fall 2018.  
Measures 
Mentor network diversity. Participants were given the following definition of 
mentoring: “A mentor is someone who provides guidance, assistance, and encouragement on 
professional and academic issues. A mentor is more than an academic advisor and is someone 
you turn to for guidance and assistance beyond selecting classes or meeting academic 
requirements.” With that definition in mind, participants were asked: “1) if there is faculty 
member, 2) a graduate student, 3) a peer, or 4) other university faculty member that they would 
consider as a mentor?”. The participants’ responses to each category mentor were dummy coded 
into 1 (Yes) and 0 (No). This variable presented the sum of all types of mentors. This variable 
ranged from zero to four. The mentor network diversity variable data was collected during 
Spring 2018.  
Gender-matched faculty mentor. If the participants report having a faculty mentor, 
follow-up question asked the gender of their faculty mentor. This variable was dummy coded 
into 0 (not gender-matched) and 1 (gender-matched). Both “Woman/Female” and “Transgender 
woman” gender identities were coded as “1”.  
University sense of belonging. University sense of belonging was measured with eight-
items adapted from Shook and Clay (2012). Participants reported their perceived sense of 
belonging to their university (e.g. “I am enthusiastic about attending my university.”) on a seven-
point Likert scale from strongly disagree (1) to strongly agree (7). The scale scores were derived 
by taking the average of the eight items, with a higher score indicating the higher level of 
university sense of belonging. University sense of belonging scores have exhibited high internal 
 12 
 
consistency reliability in the previous research (Cronbach’s α = .92) (Shook & Clay, 2012). Data 
of university sense of belonging was collected in the survey of Fall 2018. 
Interest in the geosciences. Students’ interest in geosciences was measured with a two-
item measure adapted from the prior literature of interest development (Hulleman & 
Harackiewicz, 2009). Participants rated their level of interests to each of the following: 1) “How 
interested are you in taking courses in Earth Systems or Environmental Sciences?” and 2) “How 
interested are you in pursuing an Earth Systems or Environmental Sciences Career?” on a seven-
point Likert scale from not at all interested (1) to very interested (7). Scales scores were derived 
by taking the average of the two items, with a higher score indicating a higher level of interest in 
the geosciences. The interest scales had exhibited a high internal consistency reliability in 
previous research (Cronbach’s α = .86) (Hernandez et al., 2017). The interest in the geosciences 
measure was collected on both the initial recruitment survey (i.e., Fall 2015 or 2016) and in the 
Fall 2018 survey.  
Control variables 
PROGRESS membership. The participants in this study did or did not participant in the 
PROGRESS program. Their membership was dummy coded as PROGRESS member (1) or non-
PROGRESS membership (0).  
University. Students from nine universities participated in this study: Colorado College, 
Colorado State University, Metro State University Denver, North Carolina A&T, North Carolina 
State University, University Colorado – Boulder, University of North Carolina – Charlotte, 
University of South Carolina, and University of Wyoming. The university variable was dummy-
coded with Colorado State University as the reference group.  
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Cohort statues. The cohort statues refer which year the student had been recruited. 
Cohort has been dummy-coded as 1 (Fall 2015, cohort 1) and 0 (Fall 2016, cohort 2) as a control 
variable.  
Statistical assumptions and preliminary analyses 
Prior to running regression and mediation analyses, the data were examined for outliers, 
missing data severity, and regression assumptions in SPSS software version 25. There was no 
evidence indicating extreme outliers (e.g., leverage, Cook’s D values were acceptably small; 
Judd, McClelland, & Ryan, 2009). The pattern of missing data were consistent with the 
restrictive assumption of missing completely at random (e.g., Little’s MCAR test was not 
significant, χ2 = 10.96, df = 11, p = .45). And the assumptions of regression were met (e.g., Q-Q 
plots showed normality for most of the variables).  Finally, we tested the independence 
assumption was due to the students being nested within universities. The clustering effects were 
examined using HLM software student version 7.03. The ICC presented the proportion of 
variance between universities to the total variance. The ICC revealed the variances of interests in 
geosciences located mainly among individuals (ICCinterest = .01) and the variance of university 
sense of belonging was also mainly explained at the individual level (ICCbelongingness = .07). The 
ICC for sense of belonging was non-ignorable. Thus, we included universities as covariates in 
mediation analysis. 
Results 
Intercorrelations 
The goal of this study was to examine university sense of belonging as a mediator 
between mentoring and interest in geosciences. Specifically, we examined mentoring from two 
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aspects: 1) mentor network diversity and 2) having a gender-matched faculty mentor. Prior to 
conducting formal mediation hypothesis tests, the pattern of associations were examined.  
An intercorrelation analysis revealed that students’ university sense of belonging was 
positively and significantly correlated with students’ initial interest in geosciences, having a 
faculty mentor, and mentor network diversity. And students’ interest in geosciences was 
significantly and positively correlated with cohort, having a faculty mentor, having a gender-
matched faculty mentor, mentor network diversity, students’ university sense of belonging, and 
moderately correlated with students’ initial interest in geosciences. With a small portion of 
participants reported having a gender-matched faculty mentor, a significantly positive correlation 
between having a gender-matched faculty mentor and interest in geosciences was found (see 
Table 2).  
Mediation analyses 
Two hierarchical regression analyses were conducted to predict interest separately with 
two predictors: 1) mentor network diversity and 2) gender-matched faculty mentor. The variance 
of students’ university sense of belonging was significantly explained by mentor network 
diversity, but not by having a faculty mentor. The variance of students’ interest in geosciences 
was significantly explained by university sense of belonging, mentor network diversity, but not 
by having a gender-matched faculty mentor. (see Table 3 & Table 4).  
With these results above, mediation analyses were performed to formally address the 
research question and hypotheses. The Hayes’ (2013) macro was used to test the mediation effect 
of university sense of belonging on the relationship between mentor network diversity and 
interest in the geosciences, controlling for university, PROGRESS membership, cohort and 
initial interest in the geosciences. The mediation analysis was performed (PROCESS Model 4) 
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with 20,000 bootstrapped samples to construct 95% confidence intervals (CIs) around the 
indirect effect. Consistent with our hypothesis, students with more mentor network diversity 
reported higher university sense of belonging (B = .19, SE = .05, 95% CI = [.09, .31]). Students 
with higher university sense of belonging expressed higher interest in geosciences (B = .20, SE 
= .10, 95% CI = [.0004, .40]). The analysis revealed a statistically significant and positive 
indirect effect of mentor network diversity on interest in the geoscience through university sense 
of belonging, a×b = .04, 95% CI = [.01,.08]. The partially standardized effect size (β = .04) 
indicated that student having one more mentor expressed .04-standard deviation higher interest 
in geosciences, as a result of the effect of mentor network diversity on university sense of 
belonging (see Figure 2).  
The mediation test for having a gender-matched faculty mentor was unnecessary, on 
interest in the geosciences through university sense of belonging. The results indicated that 
students having a gender-matched faculty mentor reported was not predictive of with university 
sense of belonging, although sense of belonging was still predictive of interest in the 
geosciences, Table 4. The analysis revealed a positive but not statistically significant indirect 
effect of the gender-matched faculty mentor on interest in the geoscience through university 
sense of belonging, a×b = .03, 95% CI = [-.12, .33].  
Discussion 
This study was designed to investigate if mentor network diversity and gender-matched 
faculty mentor impact female undergraduate students’ university sense of belonging, which in 
turn may affect their interest in geosciences. First, consistent with our hypothesis, university 
sense of belonging positively mediated the relationship between mentor network diversity and 
interest in geosciences. Precisely, higher mentor network diversity predicted higher university 
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sense of belonging, consecutively, higher university sense of belonging predicted higher interest 
in geosciences. Second, though the university sense of belonging did not mediate the relationship 
between having a gender-matched faculty mentor as our hypothesized, the correlation analysis 
reveals that students’ interest in geoscience is positively correlated with having a gender-
matched faculty mentor.    
Significance of The Study 
These findings are consistent with previous studies in that a) interest was predicted by 
students’ sense of belonging (Thoman et al., 2014; Goodenow,1993) and b) mentoring positively 
impacted students’ interest (Hernandez et al., 2017). But this study extends STEM mentoring and 
interest development literature in two important ways. First, instead of using one mentoring 
source as the primary predictor, this study used mentor network diversity to examine the total 
effect of mentoring. It provided a conceptual lens to boost students interest development by 
varying the ways accessing different types of mentoring. Second, university sense of belonging 
was empirically examined as the mediator of mentor network diversity and interest development, 
which has not been done by previous research.  
Limitations 
Though this study extended women’s interest development and mentoring literature in 
STEM in different ways, there are several limitations need to be noted. First, the limitation of the 
sample. The prime limitation was that participants in this study were not randomly sampled, but 
were rather a sample of first- and second-year female undergraduate STEM majors interested in 
the geosciences. In addition, a majority of the participants were in the third or the fourth year of 
the college at the time we collected the data for this study. As documented in previous research, 
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students in the third or fourth year of college may have higher sense of belonging to their 
university than early-year college students (Good, Rattan, & Dweck, 2012; Freeman et al., 
2007). In addition, we did not measure the participants’ initial university sense of belonging on 
the early data collection survey. Further, only a small portion of participants were actually 
majoring in geosciences, but we used students’ interest in geosciences as our predicted outcome. 
Even only 21.9% of the sample majored in geosciences, all the participants showed initial 
interest in geosciences to some degree to be included in this study. Although the mean of interest 
in geosciences at was 4.01, which was an average score on the scale (see Table 1). A t-test 
revealed that there was an overall significant increase between participants’ initial interest in 
geosciences and their interest in geosciences in Fall 2018 (t (1,276) = 8.60, p <.01), despite their 
majors.  
Second, the mentor network diversity was measured by the number of total mentors, 
which did not reflect the different roles of mentors. To better understand the components of 
participants’ mentor network diversity, we examined the number of different types of mentors. 
We found that the most frequent mentoring resource were peer mentors (n = 144, 51.8 %), 
followed by faculty mentors (n =136, 48.9 %) and another faculty mentor (n = 89, 32.0 %), while 
the least frequent mentoring type was graduate students (n= 65, 23.4 %) reported in this study. 
Besides, lack of information of mentors’ disciplinary is another limitation in this study. Even we 
gave the definition of mentoring, we did not limit to or ask for the mentor’s disciplinary. Thus, 
mentors may not be supporting geosciences interest specifically. 
Practice Implications  
 This study focused on women in geosciences, a subfield of STEM. This model may still 
be applicable to other STEM majors for the following two reasons: First, it’s a common 
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phenomenon that women face gender-based barriers to degrees and careers in STEM. In this 
study, it revealed a positive impact of mentoring on women’s sense of belonging. Second, there 
are many of general required courses across STEM fields. Thus, the basic trainings are similar 
across early college STEM education. Students have possibility to specify or switch within 
STEM disciplines.  For example, one of our participants entered geosciences master’s program 
with a biology bachelor’s degree.   
Our findings are of use to educational psychologists and university administrates to 
promote women’s interest development and sense of belonging through mentoring. Instead of 
having the number of mentors increased, universities may pay more attention on how to diversify 
the role of mentors. To be more specific, the mentor network diversity may be achieved by the 
following implications. First, a mentoring workshop may be an efficient way for students to 
build connections to peer mentors and faculty mentors within the university. Workshops may 
offer opportunities to identify the barriers women are facing in STEM, to build connections to 
peers with similar interest, and to be advised with research experience applications. Through the 
workshops, students may know mentors in-person and may maintain the relationships via social 
media.  
Second, it’s also important to encourage graduate students become mentors to 
undergraduate students. In this study, graduate student mentors were the lease frequent reported 
mentoring resource (n= 65, 23.4 %). However, comparing the ratio of faculty to undergraduate 
students verses the ration of graduate students to undergraduate students, it should be more 
accessible to have a graduate mentor than having a faculty mentor. Having graduate students as 
mentors may encourage undergraduate students to take one step further, such as applying for a 
master’s degree, in related fields.      
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Third, university may hold conferences to help students build connections to 
professionals outside of the university, including professors from other universities, professionals 
in industries. In conferences, students may get exposures to the most in trend scientific 
innovations, to an influential professor in the field, and to meet their “career role models”. 
Conferences can be the window sending welcome message to women encouraging them to enter 
and to stay, and may help students to gain knowledge beyond textbooks, to explore unknows, 
and to specify their interests.    
Conclusion and Future Directions 
Most educational psychology research on promoting STEM diversity focus on the 
reasons pushed women away from the science fields. However, this study examines the 
phenomenon from the perspective of psychosocial view, indicating that mentoring and sense of 
belonging can promote women’s interest development, which potentially increase their intention 
to stay in STEM fields. The results suggested that women benefit from multiple mentoring 
connections by confirming their sense of belonging. To minimize the issues gender disparities 
brings to STEM, this study illustrated the importance of building individual connections to 
promote students’ experience across campus and within STEM.  
In a nutshell, the results of this study insights several paths for future study. First, future 
researcher of mentoring would benefit from using multiple data sources, such as individual 
interview and focus group, to capture the precise relationship between mentor network diversity, 
sense of belonging and their interest development. In addition, even we know that students 
benefit from the mentor network diversity, but it would be interesting to investigate which source 
of the mentoring is most efficient way expanding the connections. Third, future study will be 
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needed to further explore sense of belonging towards the STEM fields. Thus, future study will 
answer whether the sense of belonging predicts females’ actual retention in STEM fields.   
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Figure 1. Theory model of mentoring support influences interest development by increasing 
exposure and belonging. 
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Table 1.  
Participants’ demographic information.  
Characteristics  n % 
PROGRESS member 113 40.6% 
Cohort I (Fall 2015) 117 42.1% 
Race (European) 189 68.0% 
STEM major  376 97.4% 
Geoscience major 61 21.9% 
Note: (N = 277). N = total sample size. 
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Table 2.  
Summary of intercorrelations for all the variables. 
Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 
1.PROGRESS -                
2.CC .05 -               
3.MSUD .03 -.06 -              
4.NC A&T -.05 -.06 -.06 -             
5.NCSU -.03 -.10 -.10 -.10 -            
6.UCB -.04 -.11 -.11 -.11 -.18** -           
7.UNCC .08 -.09 -.09 -.09 -.15* -.16** -          
8.USC -.00 -.08 -.08 -.08 -.13* -.14** -.12 -         
9.UW -.01 -.08 -.08 -.08 -.13* -.15* -.12* -.11 -        
10.Cohort .04 -.04 .20** .21** .00 -.14* -.03 .11 -.06 -       
11.Interest W1 .05 .07 .05 -.04 -.03 -.08 -.03 .13* .04 .22** -      
12. Faculty .15* .16** .05 -.06 -.01 .06 -.18** .07 .03 -.02 .13* -     
13.F-gender .10 .02 .02 .03 .00 .07 -.05 -.03 .03 .08 .07 .35** -    
14.metor div. .13* .06 -.03 -.04 .05 .05 -.13* .00 .04 -.03 .07 .63** .19** -   
15.Belong -.06 -.16** .01 .04 .21** -.02 -.11 .07 -.05 .03 .15* .14* .10 .21** -  
16.Interest W6 .15* .09 .12* -.06 -.01 -.06 -.07 .06 .09 .12* .53** .23** .16** .19** .19** - 
N 294 300 300 300 300 300 300 300 300 294 294 279 300 279 300 299 
Mean .40 .06 .06 .06 .12 .16 .12 .10 .09 .41 3.45 .49 .10 1.62 5.14 4.01 
SD .49 .23 .23 .24 .33 .37 .33 .30 .29 .49 1.16 .50 .30 1.22 1.15 2.13 
Skew .45 4.00 3.85 3.72 2.26 1.83 2.41 2.71 2.81 .36 -2.7 .05 2.74 .23 -.71 .05 
Kurtosis -1.8 14.06 12.94 12.00 3.11 1.36 3.55 5.56 5.94 -1.88 -.87 .15 5.56 -1.05 .40 -1.34 
Note. Variable names: 1. PROGRESS membership; 2. Colorado College; 3. Metropolitan State University at Denver; 4. North Carolina A&T University; 5. 
North Carolina State University; 6. University of Colorado Boulder; 7. University of North Carolina – Charlotte; 8. University of South Carolina; 9. University of 
Wyoming; 10. Cohort; 11. Initial interest in geosciences at Wave I; 12. Having a faculty mentor; 13. Gender-matched faculty mentor; 14. Mentor diversity; 15. 
University sense of belonging; 16. Interest in geoscience at Wave VII. ** p < .01, * p < .05. (N = 277). 
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Table 3.  
Summary of Hierarchical Regression with Mentor Diversity Predicting University Sense of 
Belonging and interest at W6 (N = 277).  
 Belonging Interest  
Predictors b  SE  95% CI b  SE  95% CI 
Intercept 4.30 .27 [3.76, 4.84] -.77 .63 [-2.00, 0.47] 
CC -.84 .31 [-1.44, -.24] .66 .51 [-.34, 1.66] 
MSUD .01 .32 [-.62, 64]  .98 .53 [-.06, 2.01] 
NC A&T .30 .31 [-.32, .91] -.14 .51 [-1.16, .87] 
NCSU .60 .22 [.16, 1.04] .12 .37 [-.61, .86] 
UCB -.06 .21 [-.47, .36] .11 .35 [-.58, .80] 
UNCC -.21 .24 [-.67, .26] -.04 .39 [-.80, .73] 
USC .22 .26 [-30, .73] .14 .43 [-.71, .98] 
UW -.21 .25 [-.70, .26] .67 .41 [-.13, 1.47] 
PROGRESS -.16 .13 [-.42, .11] .48 .22 [.05, .92] 
Cohort -.06 .14 [-.35, .22] -.01 .24 [-.48, .46] 
Interest W1 .15 .06 [.04, .27] .90 .09 [.71, 1.10] 
Mentor div. .20 .06 [.90, .31] .19 .09 [.01, .37] 
U. Belonging - - - .20 .10 [.0004, .40] 
Note. Mentor diversity predict university sense of belonging (ΔR2 1= .04, p <.01); University sense of 
belonging explained significant amount of variance of interest (ΔR2 = .01, p < .05). * p <.05, ** p < .01.  
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Table 4.  
Summary of Hierarchical Regression with Gender-matched Faculty Mentor Predicting Sense of 
Belonging and Interest at W6 (N = 277).  
 Belonging Interest  
Predictors b  SE  95% CI b  SE  95% CI 
Intercept 4.45 .27 [3.91, 4.98] -.68 .63 [-1.91, 0.55] 
CC -.88 .31 [-1.50, -.26] .59 .51 [-.42, 1.60] 
MSUD .02 .32 [-.62, .66] .97 .53 [-.06, 2.00] 
NC A&T .32 .32 [-.31, .94] -.11 .51 [-1.12, .91] 
NCSU .64 .23 [.20, 1.09] .16 .37 [-.58, .89] 
UCB -.05 .22 [-.48, .37] .08 .35 [-.61, .77] 
UNCC -.20 .24 [-.67, .27] .01 .39 [-.75, .77] 
USC .21 .27 [-.32, .72] .12 .43 [-.73, .96] 
UW -.20 .25 [-.69, .30] .67 .41 [-.13, 1.47] 
PROGRESS -.15 .14 [-.42, .12] .46 .22 [.02, .89] 
Cohort -.08 .15 [-.21, .37] -.04 .24 [-.43, .50] 
Interest W1 .15 .06 [.01, .03] .89 .10 [.70, 1.08] 
Faculty mentor -31 .15 [.02, .60] .39 .24 [-.09, .86] 
Gender-matched .20 .23 [-.25, .66] .47 .38 [-.28, 1.20] 
Uni. belonging - - - .20 .10 [.01, .40] 
Note. Gender-matched faculty mentor predicts university sense of belonging (ΔR2 = .01, p >.05); 
University sense of belonging predicts interest (ΔR2 = .01, p < .05).  * p <.05, ** p < .01.  
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Figure 2. Mediation Analysis. The Effect of Mentor Diversity on Interest in the Geosciences 
through University Sense of Belonging.  
Note. Included the following covariable in mediation analysis: 1. PROGRESS membership; 2. Colorado College; 3. 
Metropolitan State University at Denver; 4. North Carolina A&T University; 5. North Carolina State University; 6. 
University of Colorado Boulder; 7. University of North Carolina – Charlotte; 8. University of South Carolina; 9. 
University of Wyoming; 10. Cohort; 11. Initial interest in geosciences. 
 
 
 
 
 
 
 
 
 
 
.19* 
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Appendix A: List of Geoscience Majors  
1. Atmospheric and Oceanic Science 
2. Ecosystem Science and Sustainability 
3. Ecology 
4. Earth Science 
5. Environmental Chemistry 
6. Environmental Science 
7. Environmental Studies  
8. Environmental Policy 
9. Environmental technology and management 
10. Ecosystem Science and Sustainability 
11. Geological and Earth Sciences/Geoscience 
12. Geology 
13. Geophysics 
14. Geology/Earth Science, General  
15. Geophysics 
16. Marine and Coastal Resources 
17. Marine Science 
18. Meteorology/atmospheric science/Climatology 
19. Oceanography 
20. Soil and crops science 
21. Watershed Science/ Hydrology 
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Appendix B: Survey Questions 
University Sense of Belonging Scale[1] 
Please answer each question about your university using the following scale.  
 
1. Strongly disagree 
2. Disagree 
3. Somewhat disagree 
4. Neutral 
5. Somewhat agree 
6. Agree 
7. Strongly agree  
 
Q467_1 I am enthusiastic about attending my university. ___ 
Q467_2 I am not happy to be at my university ___ (R) 
Q467_3 I feel a sense of belonging to my university. ___ 
Q467_4 I feel alienated at my university. ___ (R) 
Q467_5 I see myself as part of the community at my university. ___ 
Q467_6 My university is one of the best schools in the nation. ___ 
Q467_7 I identify strongly with my university. ___ 
Q467_8 I am a typical student at my university. ___ 
  
sQ467 University belonging (mean Q467_1 to Q467_8) 
 
 
Note: (R) refelct reverse coded items 
 
 
 
 
 
 
 
 
1 Uniersity Sense of Belonging from Shook and Clay (2012), (Adapted) 
 44 
 
Geoscience Interest Scale 
On a scale of 1-7 where 1 equals Strongly Disagree and 5 equals Strongly Agree, how 
strongly do you agree or disagree with the following statements: 
1. Strongly Disagree 
2. Disagree 
3. Somewhat Disagree 
4. Neutral  
5. Somewhat Agree 
6. Agree 
7. Strongly Agree 
 
444a. How interested are you in taking courses in Earth Systems or Environmental Sciences? 1 
445b. How interested are you in pursuing an Earth Systems or Environmental Sciences career? 2 
 
sQ_geoscience_interest = Full form of Geoscience Interests Scale (mean [Q444a – Q445b]) 
 
 
 
 
 
 
 
 
 
1    Initial Interest (Hulleman et al., 2010), (Adapted) 
2 Interest (Hulleman et al., 2010), (Adapted) 
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Mentor Network Diversity and Gender-Matched Faculty Mentor Scale 
A mentor is someone who provides guidance, assistance, and encouragement on 
professional and academic issues. A mentor is more than an academic advisor and is someone 
you turn to for guidance and assistance beyond selecting classes or meeting academic 
requirements. The questions in this survey will ask about both formal and informal mentors. 
Answer each question in regards to your CURRENT mentor unless it specifically asks about a 
previous mentor.  
 
Q200 Is there a faculty member that you would consider a mentor?  
0- No 
1- Yes 
Q204 What is the gender identity of your faculty mentor?  
a. Woman / Female (1) 
b. Man / Male 
c. Transgender Woman (1) 
d. Transgender Man 
e. Other 
Q209 Students are sometimes mentored by many different people: teachers, program staff, 
graduate students, peers, coach, community member, etc. Please think about all of the other 
mentoring you receive including people who were not formally designated as mentors. 
Are you currently mentored by any of the following groups of people?  
a. Graduate students  
b. Peers 
c. Other college/university faculty members  
 
0- No 
1- Yes  
tQ209 = Sum (Q209a – Q209c) 
 
